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AiW ]MtinfHbi>S OP FOIQVCING and iPRdlGRAMMIH^^ iSAM£ 

EEIJ)OPTHBINVE^mQN 
tlie prie&eiit invieiitton generally relates to micxoeiectroinc devices. More 
partiictilarly, tte tiivelitioii reMcs to prograinmable imcn>dectit>iuc stfoctiires kuhable 
iise in int^rated drciiitA. 

BAdCGKDUM D OP THH flavfemlQN 

MeoQitMy devices tat oftca used in electrbim; systtes and conipiitm to 8tc»e 
iMyhb^tion in the fottn of binary data. Tliese inestno^ devices may be cliaracterized into 
varicius types^ each type ha:viiig associated -with it various advantatges and disadvantages. 

For cxatople^ random access memory CRAXT) ivhich may be found in p^sonal 
coD^ftftfers is typically volatile semicoiiductor memoty; in other words, the stored data is lost 
if the.pd^er&mirceisdisc<M^^ Dyiianuc RAM CT)RAlvr^ is pirticularty 

Vdlatile in that H most be "Vefiesh^' recharged) every few imaosbconds in order to 
maifitain the i^t^red data. Stktic RAM CSRAM*0 will hold the data after one writing so Jong 
as thepow^s6irft»is.inaintained- once the power source is disconnedcd, however, the d^ 
k lost Thus, m thi^ volatile memory dbrifigurations, information is only retained S6 lor^ 
as the power to the system is not tiimed oflE In genierai, these RAM devices can take up 
signiiieant chip area atid therefore may be e;q>ensive td manufacture and consi^e relativeiy 
farge amouiits 6t eas^ fox data storage Accof dingly, improved inemoiy devices suitable 
fo^ use in pasbiiAl coini)^^ 

Othtt- rtcfiragfr device such as maaietic storage devices (iig:, flippy di Aj^ h»M Hlofr j^ 
dud ^baagnfetie t^) ait VeO aft othi^ systeniu^ such is optical disks; dD^kW ^ DVt)4(W 
are ^vblati]^ haV^ extremely hi^ caplacjty, and can b6 itfMittco rlnany times, 
tfikfortonately, these 'meittory devices arc physically larger are shockMbfation-sensitive, 
require e^qp^tisive medianic^ drives, and may consume relatively large amounts of power: 
Thwe ii^tive ^sptxAs make such m«Daory devices fion^ideal for low power portable 
plications such as lap-top and pahn-top computers, persona) digital assistants fTOAs^, 
andthelike. 

Due^ at least in part, to a rapdly growing numbers of compact^ low-power portable 
cbooputcr systems in which stored information changes regalarly^ low energy readAviile 



senucondadct meiiE^esha^ Ftarthennore; 
bieeat)si6 tH^'pK>rt:^le systenis ofieaa re^nii^ daeta stc^^e vAiaik tbe p^tiWer is tfiEiiied of^ moh 
volatile stoj^ge dl^ce We desibred fo^ 

Ont type df jmjgjfaminable seinicofiductcHr Ddi^volalile mei^iolry ddvice stihabl^ for 
5 bsb id si^st£33]s k a 

PkOlyt a ivtfte^iK^ fead-liiiany C'WORNf) device, usea an aniy 6f fiiMble Hnks. Once 
. pibgirditeed^ th6 WORM 

dtte foxnis 6f PROk devices imJude erasable PROM fiBFROM^ dedrically 
e^ble PKOM (&!Fk€Mi devides, \Vbtch are alterable after an. initial jffognanming. 

10 £l4l0Mdei^t%isg^eraAyie^ 

to plr&grailximii^g the die^ce. Thus^ such device tsri genes^y not ivdl Suited for use in 
portable c^ectioixic rfevices. fiBPHCHVi d^^ces are generally easier to pft>grdm, biit sufTet 
from otbci defidfenties. Ifi paititwlar, EfiPROM devices arc relatively coxaplcjc, are 
relatively difficult to inaiiiifachire, and are relatively large. Ftobermore, a circuit inchjditkg 

is HEPkOM. di^lvices idtiSt withstand the lugh voltages necessary to program the device. 
ConseqDentily» EEPROM eost per hit of mtinory caipacity is extremely high conq)ared vrith 
Mher ineaiiS of data sttir^ge. Anblhte disadvantage of EEPkOM devices is that, ahhotigh 
they can retaio data -without having the power source couoectiKly th^ require leblively large 
ai&oi&itsofpower to program: tliis power dMo can be considerable in a coixipact port^ 

20 system poW^ed by a battery. 

In view of the v^ous problems associated with conventional data storage devices 
desoib^ abdve; a relatit^dy non-volatile^ prograinmable device which is relatively simple 
asSd iD^q>en^e to piodiice is desired. Furthennoni^ this memory technology should meet 
the jeqmreineiits of the ne^ gcmeraticai ^portable comfiuter dtmccs by of>eratti^ at a 
25 I'i^iiveiyibviry^^ 

StJMI^YOFTtffiWVEK^ 
tise present inv^on provides improved microelectfom'c devices for use in 
integrated circuits. More particularly, the invention provides relatively ncm-volatile^ 
30 programmable devices ^litable for niemory and other integrated draiits. 

The way^ in whidi the p(resent invsition addresses varicnis drjswbacks of now^biown 
progranunable devices are discus^ in greater detail below. HoWevtf, m giuofirai, the 
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ptGSCbt iiltVeiiticMS ptoivMes a piDgratiBinablfc devica thai Sa rdaiivfely ixhA nfeayteii si ^ to 
- mainifadtiire^atM!^ 

In accordahc^ Tvhh oiie - exemplary emb&dimefxl of (he preheat isVeaitiD% a 
ptograitLmabli^ stiiii^ire Thestractore 
5 is ctmfigured such tliat when a bias is applied across tWQ dectiodesy cme or nioie electrical 
properties of the stiiicture chaQgOL lb accordance ivith one aspect of this embodiment, a 
te&k^sice across the structure changes ivhea a bias is applied across the dectiodea. Ih 
accib^dance irath other aspects of tte 

ofthesthicturedi^esiipon^luationofabjb One of itioire <^ 

10 these dec^caldkangesiIuD^Suita^ 

torn a circuit including the structure. 

In accordatice iVith anOiher cxtmplnxy ecbbodiment of the inveaatiojo^ a progra^unable 

stnicture includes an ion omductor, at least two electrodes, and a brntier intcq>osed between 

at least a jiK>rtton of one of the electrodes and the ion conductoar. lb accordance with one 
15 .daptsct of this embodim^ the barner material idcJudes a mat^arial configured to reduce 

dtfib^bn of iobs between the ion condudtor add at least one electirode. The difib^on hairier 

jQdfay also seiVe to preveaoA undbsired eiectrDdq)bsit growth withm a pOitioB of the structure. 

In accicH^dance ^vith another a^>ect^ the barrier material inchides an mgniating material 

Imshision of an inflating ibaterial increases the voltage required to reduce the resistance of 
20 the device. In accordance with yet another aq^ect of this embodiment, the barrier inchides 

material that conducts ion% but which is relatively resistant to the conduction of electrons. 

Use Of such material may reduce undesired plating at an electrode and increase the thednal 

slaibility of tfafe device. 

In aco^rdatlce with ano^ 
;25 ' Miid^e&imnQ ^ct&iti is f0nis6d on a sorfacb of a isbb^rate by foms^g a first electrode on 

the s^t^te, di^atibg a layer of ioii conductor fbatirial civer tfe fiir^ dec^iode^ and 

■ ■■ • *'.•.• 

de^sitif^ ciHtthiCtive material oiito the ion conductor material. In accordance with one 
a^pea of tins embodiioent, a sofid sohition including the ion coiKhJctor and excess 
conductive material is formed by dissolving {e.g., via thermal and/or photodissohition) a 
30 poxtiohoftlie conductive materia m the JOB ccuid^ In accordance with a further a^)ect» 
only a' portion of the conductive inaterial is dissolved, such that a po^ 
material remains on a si&d^ce of the ion conductor to foim an electiiMie on a surface of the 
ion conductor material. 
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: a ph>gfaitunable stiuctiire is fonned vnliuh a tlflrougb-liQle or vi^ in an jn«itat{hg material 
in acc^dance with one aspect of this embodiinent, a first dectiode feature is formed on a 
smikce of a substrate^ insulating matearial is dq)o^ed onto a smface of the electrode featixre^ 
5 a Via is fcMrmed within the insiilatnsg material, and a portion of the im)grakninable stnicture b 
foxnoiBdivilhin the After the via is fonned within the insulating txiaterialy a po^ 
^tf^iciiire within the. via is fonned by depositing an ion conductive material onto the 
' conductive material, depositing a second electrode material onto the icmb condnetive material, 
andt if desired, reoodVmg anjr excess dediode^ i6n coiiductor, and/br msa rlirffn^ tn< | te f T ftV ht 

10 acoordaiicb with another aspect of tins embodiment^ onfy the ion condoctor is formed withhi 
the via. In this case, a first electrode is formed below the insulating material an m contact 
vAlh the ion coiiduct(»: and the second electrode is fcmned above the insulating inaterial and 
in contact with the icm conductor. The configuration of the via inay be ch^ged to ^er (e.g., 
ri^ce) a coxitact area between one or more of the efectrodes and the ion conductor. 

15 Redudhg .the cross-seicti<^ area of the interface between the ion ecmdiictor and the 
eiedrode increaseis the efficiency of the device (cbaiige in electrical panopert^ per amount of 
power supplied to the device^ In accordance with another aspect of this embodiments the 
via may extend through the lower electrode to reduce the interface area, between the 
electrode and the ion coiiductor. In accordance with yet another aspect of this embodinfent, 

20 a iportion of the ion conductor liiay be removed fi-dm the via the ion conductor matoial 
inay be diirectionally deposited into only a portion Of the via to further reduce an intearface 
betwei»i an dectrbde aid the ion cond^ 

In acGords^ce with another embodiment of the invention^ a piogfanmiable device 
iniBy be foMned on a surtae^ 

,. hk aKSto/daitolVith a further tiicemplary ^mbodSnuinl of the hkvetitkH^ multiple bits of 
Idfor&^tid&^skaf^ in a ^i^eprogiaimnable cftructtire.. in accdrdanc^ vrith orie aispea of 
thi^ e^bodiih^ a piOgran^ 
two additioiia] electrbd^. 

In accordal^lvjth yet aiiother ieinbodilnent of the invention, multiple progianunable 
30 ' devices arie coupldd together using a common electrode (e^g., a coibknon anode or a common 
cathbdeX 

In accordance with yet another embodiment of the invention, mohiple programmable 
devices diare a common electrode. > 
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In accordabce ivith yiet a further exemplary embodimeiit of the preseot inventioj^ a 
bapacataibce of a pirograinmable structure is altered by causiog ions tvithin an ion conductor 
of ihe stiuctute to inigrate. 

5 BRIEP DESOgPTIOK OP THE DRAWINGS 

A more cbnq)lete understanding of the 
to the detmled descriptioji and daiiiis, considered in connecdon ^vrith the figures; iiriicrein 
iske reference numbers refer to amilar elements throughout the figures^ and: 

Figure 1 is a cross-sectional ilhistration of a progranunable stiuctttre fonned on a 
10 suf&ce of a ^bstrate in accordance y/iih the p^resent ittveiotion; 

Figure 2 is a ctoss-sectiooal illustration of a progra^nmable structure in accordance 
TVith an ahernative eti^>odime]3t of the present 

Pigurb 3 is a airrent-voltage diagram iUustrating cunent and.vohage characteristics 
of the device illustrated in Figure 2 in an "oiT and "off* OiA^ 
: 15 ; Pigure 4 is a cros^-sectionajl ifiustration of a programmable structure in accordarice 

yet aik>ther mbodiinoit of the |)reseDt invent 
FIgiire 5 is a schematic illustfatton of a portion of a memory device in acoordance 
^tVith ail etxemplary embodiment of the present invention; 

Figure 6 is a schematic illustration of a portion of a metnory device in accord^ce 
- 20 'With aiu ahemative embodiinenl of the present invention; 

Figures 7 and 8 are a cross-sectiona] illustrations of a programmable structure having 
an ion cOnductor/dcfCtrode contact interface fonned about a perimeter of the ion conductor in 
. aixx>rd^iM^ii(rithaift>ther embodiment of the pres^ • 

. Figures 9 and 10 are a cros^-sectioiiid iltustrations of a progriunmable structure 
. !2S ;y^yihg ;aii i6i^ cbni^a^^ cooitact iot)af&ce formed abciH apknmeter of tbd id^ 

ecklu^ ; ; 

Figiireis 1 1 and 12 ilhistrate a pTDj^raminable device having a horizontal configuration 
in accc^rdance with the present invention; 

Figiikres 13-19 illustrate programmable device structures -with ledatM eJectrodc^on 
3 0 coikhictfx' interface surface area in accctrdance Tvith the present invention; 

. Figure 20. illustrates a programmable device with a tapereiJ ion conductor in 
accorda<ice with the present invention; 
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Figures 21-24 lUustrate a pGrogrammable device indncfing a iloatmg decm>de m 
acic6rid&tibe yinl\h the preseat invention; and 

Figures 25-29 illustrate common electrode prdgrammable device stnictures in 
acconlimce^with the present invention. 
5 SkiDed artisans will appreciate that dements in the figures are iUostrated for 

: ; . m^^ si^ dsifi^ aisd h^e not necess^ily hem d^wii to scale. Tos^ example tiie 
dSme^oiiis 6t some 6f the elements in the figures may l>e exaggerated relative to other 
elenidats to help te» inq[)nyveunder8tai^ 

16 pnjATi JPtn n ESCtOPTIQN OF EXEMPLARY E3VI&QD1MENTS 

Hid presoBt invention generally relates to microdectroniG devices. Moire 
pairticti)ariy» the invention relates to }arogiammal>le stnictkires or devices suitable for various 
integrated drcuit ap^plications. 

Figures ] and 2 ilhistrate programmable xmcrodectroiuc structures 100 and 200 
15 fc^ii^ on a surface of a substrate llOin accordance with an cxonplary embodiment of the 
presoot iiiveinticHL Structures 100 and 200 inchide dectrcides 120 and 130, an ion conductor 
140» and i^onally iudnde buifer or bairier kyeis 1 55 and/or 255. 

Geinerally, structures 1 00 and 200 are configured sQch that when a bias greater than a 
thr^shbld voltage (Vt), discussed in more detail bdbiv, is applied across dectrodes 120 and 
20 130, the electrical proj>erties 6f structure 100 change. For example, in accordance \Vith one 
embodiment of the invention, as a voltage V ^ Vt is applied across dectrodes 120 and 130, 
conductive ions Within ion conductor 140 begin to migrate and form an electrodeposst (e.g., 
d^sctrodeposit 160) at liear the more negative of dectrodes 120 and 130; such an 
. ^lectlfiodQpOBti». hcfw^ver, is Abt required to practice the piresent invtntioa The tixm 
25 /^^^^ ti^ H^ l^^itin i&ean^ atiiy art»/witliia ttte ioli conAidbr that has ab 

: . i^^ ot reduced inetal 6t othtf acmductive mtfedal compiirU to the 

coi^bi^ixUration of sudi material in the bulk ion conductor iriateriaL As the ^ctrodeposit 
. fdiitis, the resistance between dectrodes 120 and 130 decreases, and other dedrical 
prop^es inay also change. In the absence of any insulating barriers; which We discussed in 
30 more detail bdow, the threshold voltage required to grow the dectrodeposit from one 
dectrode toward the other and thereby significantly reduce the reastance of the device is 
approxiniately the redox potentid of the systen^ If the 

same voltage is applied in reverse, the electrodcposit will dissolve back into the ion 
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Cbiil^ctbr abd tlife device ^1 le^^ In accordance ^vith other 

embbdimeaits of tiie invieintio% ajf^lication of an electric fidd between electrodes 120 and 
130 may cause ions dissohred tvithin conductor 140 to migrate and thus cause a change in 
the electrica) properties of device 1 00, without the formation of an electrodq)os]t Structures 
5 i 00 and 200 may be used to store mfonnationaiKi thus may ^ For 
' esEaxxq^le^ structure 100 or dher programmable structures iik accordance ivith the present 
iiivcablioii may suitably be used in memory devices to replace DRAM, SRAM, FROH 
£PROM, 6t SEPltOM d^irices. In addStioi^ programmable structures of the present 
inv^tion may be Used for 6lher api^c&tioDs where prognmunmg or ^j^angi^g of decbical 
10 properties dfaportio« of an dectricdcffcuit are dedr^ 

Substrate HQ roay include any suitable material. For example, substrate 110 inay 
include seinicoEkhictive;^ conductive^ senuinsulative, insulative material, or any combination 
of Siicb materials. In accordance with one embodiment of the invention, substrate 110 
ioTchides an insulating material 112 and a portion 114 inchiding mica-oelectronic devicies 
15 fbx!]fied on a seujiiconductor substiatew Layers 112 and 114 may be separated by additional 
layers (not shown) si>ch as;^ for ex^amplei, layers tyfucally used to fonn integrated circuits. 
Beeause the programmable structures can be formed over insulating or cither materials^ the 
. pirOgrammable structures of the present invention are particularly well suited for applications 
where substrate (e.g., semiconductor material) space is a premium • 
'20 Electrddes 120 and 130 may be formed of any suitable conductive material. For 

example^ dectrbdes 120 and 130 may be formed of doped polysih^^ 

In accordi^ yMi one exemplary embodiciient of the invention, one of electrodes 
120 aiid 130 is formed of a material inchiding a metal that dissolves in Son conductor 140 
' ^piSien a 8i}tffick^ bias (V ^ Vt) is iqpiplied across the dectirodea (ooddr^te d^lrode) and 
. ^il^ od^ el^^ is rdaiivdy inert and do«» not dissolve duri^ operatioli Of the 
. ': Js^j^r^oml^ (an hiidifrerent eieetrode). For egmmple, eleetxode 120 may be an 

aifOHEte during a write process and be comprised of a material mcbdrng silver that dissolves in 
k>n conductor 140 and dectrode 130 may be a cathode during the write process and be 
coniipfrised of an inert material such as tungsten, mckel, molybdemun, platinum, metal 
: 3b silicides, and the like. Having at least one electrode formed of a material indudmg a metal 
which dissolves in ion conducts 140 facilitates maintaining a desired dissolved metal 
. c6nceiiliration within ion conductor 140, which in turn fadlitates rapid and stable 
electrodqx>sit 160 formation within ion conductor 140 or other dectricd property change 
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€l6ibtf6d& (cathode (hmng a Tvritc oj;)eratioii) facilitates electroctissohjtjoD of any 
cletifrddiJp^fisil that may have formed afid/or return of th& piogrammable device to an erased 
6t^ Meir ^licdtioir of a suffident voJtagCw 

Diiiijag an carase Op^tibii, disSohition of any electrodeposh that may have formed 

. .1^^^ a or near ihi^ otidibble jEJectrode/dectfodc^oSsit intettica ^'al 

dt^^kitidii^^d^ at tb6 dxidizable dectrbde«Uecbtydep6rit ixit^&:e may be 

fioliiated by fojrxbiog ^tmtim 100 such that the resistaiice of the at the oxidizable 
^Mb6deA€lee(r6de{)6^ interface is greater thati the reastaoce at any otMr point along the 
deetrodqponi^ pditieularly, the interface between the eIectrodej)osat and the indifferent 
eieethxde. 

. Cteie^ ivaf to atJiieve rdativdy 
ci^tit>dt of relatively inert, noiM>tidizmg material such as platinuio. Use of such material 

vredoc^ foiib^ji of at the Meirface.berwe^ ion conductor 140 and the iodifierent 
.dectrod6 ikis wdl as the formation of compounds or mixtures c^the electit>de material and 
i6ti cosfhicfojr 140 insiteriial, tvhich typieally have a lugher r^istance than ion conductor 140 
br the diklinsde lA^^ 

Rd^tively Jo^ resistance at the indiifefent eleictrode may also be obtained by 
fdiniiii^ a Saitrier JayicT betiVeien the o::ddizable electrode (anode during a twite operationX 
iVhereixi <he barrier layer is foiindd of material having a relatively high resistance, 
B^plary high resist^^ mateHals inchide layers (e.g., layer 155 and/or layer 255) of ion 
to^iduc% iiiatcarial (e.g:, Ag.0, A&S, A&Se, A&Te, where x k 2, Agyl. where x ^ 1, 
GoV CdO, GiiS^ CoSe, Cut^ GtOj, or SiCb) inteiposied between ion conducted 140 and a 
lHy^ s«c& al» ^er. Some of these materials have additional benefits as discussed in 

: iMl^tte itfid disBobtion iui dectrodc^ A tian also be facilitated by 

pi^difftti a rb^ indifierent electrode sinlaee (e.g., a root mean sq^iate roughness of 
gre^ than abbut 1 nm) at the electrode^ conductor inter&ce. The roughened surface 
may be fdnned by manipulating film deposition parameters and^dr by etchifig a portion of 
one of the dectrode of ion conductor surfaces. During a write operation, relatively high 
electHcal fidds form about the spikes w peaks of the roughened surface, and thus the 
electrodeposits are more likely to fonn about the spikes or peaks. As a resuh» jnore reliable 
and uniform chaiifges in eJedrical jnoperties for an qyplied voltage aoDss electrodes 120 and 



WObiais^l . . rCT/DSOl/28266 

•136 xiSAy \k obtitn^ by ptoviding b rdughed intei^ce between the indifferent electrode 
(cathodiE^ during a 6j»eratibn) ^d ion conddctbir 140. 

Oitidjzabie eledrode materiai may have a tendency to thermally dis^)ve or diiSbse 
into ion conductor 140^ particularly during fabrication and/or op^ation of structure 100. 
liiie tluini^ difib^bii is undesired because it may redu6e the resistance of structure 100 and 
' tIttUI fitthicg the;^dliange of an electrical property danng use of stiucture 100. 

Td deduce Vtndeared diiliision of oxidizable electrode material into ion c6nductor 140 

/dnd in ac^c^dfibde.tni^ ^bodiment of the inve&tio% the oxidizable electrode 

tiiklchides a iiittifcalakti^ in a tr^iation mttal sulfide or selenide matcnal such as 
AxCNffis)}.^ t^e A id Ag or Cn^ B is S or Se, M is a tran^on metal such as Ta; V» and Ti, 
dnd X ranges frbni abdiil 0.1 to abcjut 0.7. ll^e intercalated material mitigates undenred 
iheattiial dSffu^oii Of the nktal (Ag or Cu) into the ion conductor material, while allowing the 
metal to paHicipdte in the electrodeposit growth lipoh application of a sufficient voltage 
Across dectrodgs 120 sind 130. For ex2in^>le^ when silver in intercalated into a TaSj film, the 
tfliiSi fihb 'c^aai indode iiip to abotit 66.8 atomic percent silver. The A3t(MB2)i.« material is 

. jnreferabiy amM5»}phOus to pfcivenl to pmvent undesired difliisioii of the metal though the 
xtiiattirial. The aisorphtyUs tiaateriai may be formed by, for eixani^le; phy^cal vapor 
deposhibn of a target ifiaterial comprising A^(MB})i.x. 

ct-Agj is another S£iitable mat^al for the oxidizable electrode, as well as the 
indinari^t electrode. Simiiiar to the A^^^)].z miatearial discussed above^ a-AgI can serve 
as ..a source of Ag dtiHhg op^ation of structure 100 — e.g., upon application of a sufficient 
bia^ but the sihrar in the Agl noaterial does not readily thermally diffuse into ion conductor 
140. Ajgl h^ a relatively I6w activation energy for conduction of electricity and does not 

. jtc^^oire do|Mng to adneve relatively high condoctivi^.. "When the c^dizable electrode Is 
f6i^ ol^ A^^ ^i&oDA of silver in the Agl byer ifiny finse daring t^KAifiOn of stnict^e 

, id6;tBil^ lexc^.s^^ to fbe deictrodcL One way to pldvide the excess silver 

{ is to form a. silver layar adjacent the Agl layer as distossed above when Agl is used as a 
bntifer layer. The Agl layer (e;g., layer 155 and/or 255) reduces theniial diffusion of Ag into 
ioji conductor 140, but does not significantly affect conduction of Ag during operation of 
structure tOO. In addition, use of AgJ increases the operatioiial e£5dency of structure 100 
becAUse the Agl initigates n6n>Faradaic conduction (conduction of electrons that do not 
participate in the electtochemical reaction). 



\ mtensis suitable for l^er layers 155 asd/or 255 icchide GeQi and SiO^. 
'Amt^fiTOV.(jd3^^^ ii6iativ^y porotis an vnH "soak uj)'* silver dtinng opefadoii of device 

. 160^ bdt .^ rbtard ibe thernia] difiusioB of ^tir to ion condoctor 140, coinpared to 
s&uctiir^ or devices that do oot include a buffer layer. When ion conductor 140 includes 

. giRfftwittfilirti^ GtOi iDay be formed by expo^ng ion conductor 140 to an oxidizing 

^1Bfivixt^!^ia^ at a ten^eTatuit of about 300 to about 800 % or by exposing ion conductor 

, •.140 to dn miSishkg environnicait in tbe presieDce of radiation having an energy greater *h«Ti 
.thebaii^£^l) 6fthek>nt6nduc^^ Ihe CreO^ iti^ also be d€iK>sated using physic^ 

Vapcxr defiiq^c^ (froiii a GeOs targa) Or chemical vapor dei>o^on (from <MU and an Q2). 
Bd£r$r layers c&n also be used to indpease a 'Nviite voltage^ by plaong the buffer 

. layer (e-g.* GeOj or SiO,) between ion conductor 140 and the indifTeretit electrode. The 
b^ei- material ailbWs nietsd such as silver to difRise though the buffer and take part in the 

jd6drokshediic;a] ruction. 

tn adD&rdaiice tvith one embodiment of the invention, at least one electrode 120 and 
130 is fotifidd of xtiaterial inaitabJe for tise as an interconnect inetaL For example, electrode 
1^0 it&y fohn ^art of an intcarcbniiect stiucture i^ithin a seiAiconductOr integrated ctrcuh. In 
accordatike with 6ne aspect of this etubodiment, electrode 130 is fmned of a material that is 
substantial]}^ insoluble i£i material comprising ion conductor 140. Bxemplary materials 
suitable for both interconnect and elec^trode 130 material include metals and compounds 
such as tunjgst^ mcktk molybdenum, platinum, metal siliddes^ and the like. 

Layers 155 and/or 255 tiiay also include a niatoial that restricts migration of ions 
between conddctor 140 afid the dettrodfes. In accordance iirath exemplary embodiments of 
:;the inV^tioi^ a baitier iaye^ includcis tbiidDctiiig material such as thttuum nitrid^ titanhim 

• tiio^t^ a cnmbifOttion tfatiiteo^ or the lika the batrier may be electtically indifferent^ ie^ 
•ii^.a^ thhviigb striictare 100 or 200; but it does not itfCelf 

^ e^E^blote i(^ to co^dibh tid^bui^ 200. An electrically iiHliffereiiit barrier nmy 

jfedOcae und^aJ dieoi^drite £pr6wth during operation of the prograimhable device^ and thus 
Hazy £ibilitate ah "era^s^** or dl^hition of electrodeposit 160 when a bias is applied which is 
opposite to that tided to grow the dectn>dq)68it In addhioii, use of a conducting barrier 
allows ibr the "indifferent dectrode to be fonned ofoxidtzable matexial because the barrier 
pteveiitd difiilsicMi of the electrode inaterial to the ion conductor. 

loin conductor 140 is formed of material that conducts ions upon application of a 
suffident voltage. Suitable materials for ion conductor 140 include glasses and 
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* id^titdflidu)^ m^ilE^^ In CMbe exeniplaiy embocfiineiat of the inVoitiiM^' iob coiMhictor 140 

, . Joxk ciA^ttbir 140 maf aJso suit^ly include dissdlved coodnctive materia]. For 
atiaisiplei ion cbxtdOftbr 140 ma^ con^se a solid sohiticm that includes dissolved metals 
isSA/Gi ubgisd ibns. In accordance with one exemplary embodiment of the invention, 
.'cbStiiiti(iUfr 'l46, vn^^ Aeial and/dr metal ions dissolved in cbalcbgenide glass. An 
ttLextijphsg^ tfa^cogenide gliis;^ with dissolved metal in accordance with the piesent invention 
lAdud^ a sdid sohition (^AskSi.^A& GcgSej.*-Ag; Ge^u^Ag, As^utOa,,Ge^,^a9, 

/6eb^]i:i^€o, whe^ from dtxwt 0.1 to about 0.5 othtf cbalcog^de nuiterials 

inetoding ^€j» cop^^ abc^ combinations of these materials, axid the like. In addition, 
ccMddoctor 140 may indbde network modifla^ that affects mobility of ions through 
cdiiductor 140. For exiimple^ matmals such as metals (e,g,, silverX halogens, halid^ or 
hydfogen may be added to conductor 140 to enhance ion mobility and thus increase 

. erase^pvthe 8jf»c^ of t^^ 

A solid soluftidn i9tiit&6le for use as ion conductor 140 may be formed in a variety of 
l^ys. fist cdSmfile^ tfase^sdid stohtion m^ be foiinc^ by defio^siting a layer of ccmductive 
m&erial such as metal cfv^ sin ion coitthictfve material such as chalcogenide glass and 
exposing the rjoietiai and glass to thennal aiid/or. photo dissolution processing In accordance 
with oiie exiiinplary ^iibocfikif eiot of the invention, a solid solution of AsjSs-Ag is formed by 
deiK>siting A^iSs Oioto a siibstiBte^ depositing a thin film of Ag onto the A^S3^ and exposing 
thfe filins to l^gbt h^Viti^ energy greater than the optical gap of the As2iS3,^g:* |igfat having a 
mfva^t^ofteks thanabo^SOOna^meters. If desired, n^ork inodifiers niay be added 
to coindfitetor 140 during d^x>ation of conducUxr 140 (e.g^ the modified is in the deposited 
inxit^dal or i^resectt do^ 140 material deposition) or after omductor 140 material 

h di|>ibisit^ (e. by c9t|»6^ coiiductdr 140 b 4n atfoo^ib^e inchu&ig the . network 

V^tkilBcf):. ■■ 

in iicc6sd3Sik» ivith atnbther dnbbdSment of the invention, a solid solution n^y be 
^ini^ by dejxKthtii^ oAe of the constitDents onto a substrate of another material layer and 
reacdiig the first cdns^itueDt' with a.8ec!0od constituent . For exampi^ gennanmm 0>3referably 
aoMMphOos) inay be det>oaited oiiio a p(»tioji of a substrate and the g'ermamum may be 
reacted with llitSe to form ^Ge-5egIassL Siinilariy, As can be deposited and reacted with 
the fibSe gas; or arsenic or gennaniuxn can be deposited and reacted with H2S gas. Silver or 
other metal can then be added to the glass as described above. 
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In acdoWance'tvith oate ispttit of tliJs embbdiment, a solid ^luition ion ^doctor 140 
is fonned by de^sitib^ si^ffid^t metal onto an ion conductor xnateaial such that a poitioh of 
tjh6 metal can W tlis^iVed tvithiii the ion coiiiictoT ipatedal and a pordbn of the metal 
refioiins Oh a sur&cb of the kas conductor to foiiii an electrode {e.g., dectiode 120)l in 
5 aitocctfdance xoth aBemaliVe embcdbnents of the iDvebtki% solid ^hitiobs cbntaaning 
\'di^h^inecdsfin^^ 

An mxntid ot cdndiietiye itiaterial such as metal distel^ed m an ion conducting 
mateiial sbch as ch^cojgenide may depend on several factiors such as an amount of metal 
10 atvidlable for dissbhrtion and ah amotmt of energy apj>likl dudng the dissohrtidn process. 
. However, when a ^iffidi^ i^mount of metal and ^ergy are a^vailable for dissolutioh in 
dialeogenide if^ter&In^^g photodissohrticn), th6 dissohitioD process is thought to be self 
iitniting, snbstaiitialty hahing when the ttietal cations have been redofced to their lowest 
03ddaitibn state: Inthe caSebfA^-Ag, this occurs at Ag4As2S$ = 2Ag2S+Asi2^ 
15 ^e^ conc^eiitrattoin bf aboiit 44 atmnc perceiit c»a the other hand, the^ metal is dissolved 
. in the chalcbgcaiide inataial n&ing thaind 

in the solid sohition may be iobtalned, provided ft su^Sdeht amount metal is arable for 
dissohition. 

In accordances wfth a further enibodMaxl of the invention, the solid sohition is 
.20 foiihed by phtitodissohrtibn to foim a macithomogenfeous ternary cdn^Kwmd and additional 
inetal i^ added to the sohition using themal difiuston (e.g», in an inttt environm«it at 
teinpearattire of aboiil 85 *C to about 150 to form a. Solid sohition containing, for 
example about 30 to aboDt 50^ a&id preferably about 34 atomic percent silver. Ion 
Gbnductors hlErving a iii^ ctkbeenttatiofi abdVe. the pliotodissbhkiipii sohbifity level 
25 &dl^^ ibi^tiod of c^e^^tt^ thai theii]^ s^^^ tdnpoatures 
: (ijpicafly albiit *t to 156 ^C) of devicdi 166 tod >«): AJtei^^ sofid 
sohition may be ibimed try thetifiaify dissolving the m^ into the>n coirfuctor at the' 
ieaa4)efature noted abbv^ however; stolid sohitionS framed exdiiisavely firoin photo<fissohitioh 
are thought to be less hbmogeneous than films having aiinilar metal concentrations formed 
30 t^'sing photodissohitioh aiid thennal dissolution. 

Ion conductor 140 may also inchide a filler material, which filb interstices or voids. 
Salable fitter materials bdude nc»M>xidizabIe and non-silv^ based materials such as a non- 
conducting, immiscible silicmi oxide and^or sihcrai nitride^ having a cross-sectional 
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'^^oii of ItsA thadu ateist 1 ^ yA&b 66 nM cemtiibute to .the grtyWdi of an 
elef^bdepoat In this case» the fiUer ibatei^ 

p^rtebi of up to abbot 5 peatcebt to redote a fiktilihbod that an €lectrodq>osh ivQ) 
^)OiilaD£dQsty dissohre into the sQppoitmg ietmiy m^erial as the device is caq^osed to 

. ddvated tempetniore^ which lead^ to more stahle device operation Svithdot coniprotku^g the 
p€^fdritiance of the device. Ion conductor 140 may also include fillear xbatiaial to reduce an 
efii9[^e croiss-secticnal are& of the ion GObdoctOr. In tins cas£^ the concentration of the 
niateda]^ which inay be the $ame filler mtMedal described above, but hovii^ a axS83^ 
siesctiODal dittien»on.i4» to about 50 Jm, i& pteseiit in the ion conductor ihatcrial at a 
6i»icdsimton of np to abc/ut 50 p^r^ llie fiUdr material may also indiide 

liSL&isi ^ch as silver or copper to Bil the voids in the toii conductor n^erial. 

In accordance >ith one exeibplary embbdinietit of this invbntiony ion conductor 140 
indudes a germanmni^seldaide gj^ with silver diflused in the glass. (5ermanium selenide 
iaat^s are typically fOJtined from sel^nihHn and Ge(Se)4ft teirahedra that may combme in a 
V^ety of ways. In a So^iich r^on, Ge id 4^ fold coordiimted and Se is 2-fold coordinated, 
i^cfa me^ that a glass con^atiosn near Geo^oSeojo ^ have, a in^ cocrdmation 
ikoikher of abcMit i;4. Glass ivith tins coc^dinaticA number is conndered by constraint 
coantxQg theory to be optimally ccsibstrBined and hence ytxy stable with respect to 
devitrifjcatioa the nettVork in such a glass is knoxvn to sdf-oijganKEe and becotbe stress- 
fre^ making it easy for any additive;, e.g., fiflver, to finely disperse and form a mixed-glass 
sdlid sohition. Accordingly, in accordance with one embodiment of the invention, ion 
cotiductor 140 inchides a glass having a composition of Gdu^iSeO.© to GeoosSeoLTs, 

The tdmpo^on and striictme of km condnettir 140 material often dq)ends on the 
st^g or target inat£iialnaMt6 fi^ 0eikralty» ft desired to foim a 

i^ix^j^Sim^^ ^ffA for/iM^k:^ 140 b &talitfiie lel^ 

^jri^orinahce. In acc^ance iViU^ 

^pot dtpb^dn of material suitable for ion condbctdt 140 is formed by selecting a proper 
aiapbule, preparing the amipoole^ maintaining proper ten^iferaturcis dming formation of the 
glass, slow rocking the composition, and qoenching the con^ositioa 

Ydume and wall thickness are important factcars for consideration in sdecting an 
ampoule for forming glass. The waO tluc^^s must be thick ebough to withstand gas 
jMre^soreis that arise during .the glass fmmatibn process and are preferably thin ^xmgh to 
facilitate heat exchange during the frnxnation jxrocess. In accordance with exemplaiy 
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edIilKkiimtiDt Of the 

. tb f6fisk Se . znd Te bdsed €)i^a)geotde glasses^ "virfiere^ iju^rtz atijptmles whh a wall 
thickness of ahont L5 itun are lised to form suJiur-baised chalcogeiiide glasses. In adc&ticm^ 
tte^ vbhime of the dm^uie is prieiferably selected soch thai the voIaiKie of the ampoule is 
5 atKArt five times gnsater that! ^fiq^ 

QiiK^ the anfpoole is sdected, thie eiinpoule is prepared t^t glass foriu&itiojv m 
atbcbrdafice iviih obb embotfi&ieiit of tl^ inveiitioa, by deaAtng ttie aitiptiolis with 
hfdtoikbnb add» ethasbl and acetoi^ 
. ev^ttijftii^ 

TO • oobr asd cooliog the amikmle mi& vacminii, filling afofptHile ivith chairge aiMi evadiatiiig 
thiD ampoij]^ heatiiig the afi^poole while avoiding melting of the constitiieDts to desoib any 
.^^i^^am^iig oxygen^ and sedixig the aii:4)dale. This pr<>cess reduces oxygen a)i:itamiiiation, 
. tvhichin tiinipjroi^ 

The inehiiig temperature of the glass formation process depends on the glass 

15 ioi^etiaL In the c^ of gexmaiiwin-based glasses; siifGideo^ 

.at lotir teixijpenitufe with all aivailable gertnanmth is desired to avoid explosion at subsequent 
dev^t^d teoKperaturea (the val>or pressure of Se at 920 ""C is 10 ATM and 20 ATM for S at 
720^C). To reduce the risk of e3qplosiD% the gbs8f(»mationprc^^ 
atd|>otiJe tempera 

.20 baised gla^&es) over the pieriod oi about an hour and maintaining this temperature for about 
12 h&urs. Next, the teiAperatore is eleviated slcmly (about 0.5 °C/miri) up to a tcifiperature 
abdut SO^C higher than the liquidiis temperature of the matmal sihd the an4>oul6 remains at 
alnnit this lempmhire for about 12 hoa^ the t^tq[>eiBfure is thcai devate^ 

- to dii^ nkJting of all n6n-reacted gettbadhmi for Se4>ased gia^ or abofit 700 "t: for S- 

; 1^ : to 

.ttftiaeitedg^ 
. at IcSi!^ ^binit sist hour^ to increase the homt>geDeity of the glass. 

Q(i(^hiilg is preferably perfixiiiied fiom a t^n^peratore at which the vapois and the 
/' Hqiiid afe in an equibl>rium to produce vitrification of the desired coinpo^ob. In this case; 
. 30 . the quenchiiig temperature is about 50 *C over the Oquidus temperature of the glass material 
Chalcogeiiide^rich glasses include a range of concentrations m which under-constrained and 
Over-constrained glasses exist In cases where the glass composition coordinated number is 
far from the opthnal coordination (eg., coordination numbers of about 2.4 for Ge-Se 
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Sy^esDs) the,^eiticfaiDg iate has to be ^st eoCugh m ord^ to dssisi^ vhrificaticM^ tLg^ 
qaenichmg in ice-watdr or an esr&x stronger coolasi sodb as.a mixtore of mea mi ice^-water. 
Id the case of ojptitiialiy coordinated glasses^ ^bendiing can be ftedbmed in air at about 25 

. • - 

lib ttidb:tdslfite il^ due estempjary embocfimecii of the kvebtiony at least a ptetioii of 
sdnietttfe 106 18 fonded iwibid a via of an insolatidg idateriai 156. J^ondng a portion 6f 
stnicture 100 ivithin a via of an insulating materkl 150 iday bt desirable becaiise^ aibong 
other reastms^ such fonnation allov^ rdativdy small stnictur^ e.g., on the order of io 
li^ifietcrB, to be formed In additic», jDSohtioig material 150 fadlitales isblatmg various 
Stnictures 100 from other dectrical cocil^ 

Insulating n^tedal 1 50 suitably indudes ntatdrial that prevoits ixndesired diffusion of 
electroJos and/or icMis from structitfe 100. In accordance viHh one. embodixnent of the 
inveidion, material 150 indud^ silicon nitride^ silicon oxynitride^ polymeric mfttffiali? such 
as polyimide dr paiylene, any combination thereof 

A contact 165 may aiii^bly be electrically coupled to <»ie or more electrodes 120J30 
to ikalitate f<»]Amg €!ectriba]. cdntad to the respective electrode. Contact 165 may be 
formed of ady i:;<ilutoctive niateriial and is preferably formed of & metal such as aiuminiim, 
aliiniiiiudi alldys^ tdnlgsit'en, or copper. 

In aeccrdadte one embodinient 6f thei ibvcBtion, structure 100 is foftned by 
fdiiiiing detstfdde 130 on substrate 110. Electrode 130 may be fcwnied uabg any suitable 
method such for exau^^ dq[>ositiEig a layer of electrode 130 material, patterning the 
dectrode material, and etdm^ the material to form dectiodd 130.. Insuloring layer 150 mky 
be fdnoQted by dq>Ositing insulatii^ material onto dectrode 130 and substrate 110 and 
forming vi^ in the itisulating rbatetial usiu^ appropriate patterning and etching prooesses. 
Ion cbi^^^t. 140 and electrode 1120 naay then be fontted trithin idsnldtiii^. Itfy^ 150 by 
depositing ibii txipdsk^ ^ dectrode 12jD diatfcriai SvitJiiii th«i yia. Such idn 

cdisdoctor and dectrode imateafi^ deposition inay t>e sdective - i.fe^ the material % 
sf)bstantiidly deposited only tvithin the via, or the depositiod processes may- be relativdy 
nbn^sdectxve. If ojtie or more non^dective dqpo^tion methods are used, any excess 
material r emaining <ai a surface of insulating layer 150 may be removed u&mg, forexan^l^ 
chenucal mechanical polishtng andA>r etcfamg techniques. Barrier layers 155 aod/ot 255 
inay rimilaf ly be formed using any suitable dqpoidtidn Bitd/or etch |uocesse^ 
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Info^niatioii iniay be stored ti^og programmable structures of the preseaot iitVeQti(Mi by 
iftkniipy ating oike or xxiore dectiical properties of the stroctures. For example, a riesistance of 
i stroctiire niay be changed from a "(T or off statie to a T or on state during a suitable write 
bperatiolL Similarly^ tbe device may be changed from a "l" state to a "(T state during m 
ti6s6 opi^iratioa In adi&tibn, &s discussed in more detail below; the dtructufe may have 
fim)ti]3b' pjdgraimnable states such that idiiltiple bits of infonjiMion fire stored in a stqgle 
stUictorjBL 

Figure 3 ilhistrates cutr^ol-volt^e characteristics of a.progr^mn^able 5toucture.(e.gi 
s^ctiire 2'00) in accordance trith the pres^ invention. In the iUustrated embodiment^ via 
. diameter^ D, is about 4 microns^ conductor 140 is about 35 nanometers thick and filmed Of 
G^S^Ag (near AssGegSe/X eie<:;trode 130 is indifferent and formed of nidteJ, electrode 
120 is fortoted of silver, and bonier 255 is a native nickel cKjdd& As illustrated in Figure 3, 
xxh&ll throo^ istructdre 20O in an off state (cdrve 310) b^^ns to rise upon application of a 
bbs 6f dvtx about one yhlii however, ouce a vvrile stqp has been performed {te:, an 
.elec^od^sit has foraEuedX this resistance through conductor 140 drops agmficaiofy (Le., to 
. about 200 ohmsX illustrated by curve .320 in Figure 3. As noted abovef, when electrode 130 
is coupled to a more negatfvie; end Of a voHage supply, compared to electrode 120^ an 
eledtrodciposit begins to foita ne^ electrode . 130 and grow toward electrode 120i An 
effective thre^ld voltage {Le,, voltage required to cause growth of the electrodeposrt and to. 
laeak thfdugh barrier 255, Iheareby cOupHng dectifod^ 320, 330 together is rdafrvdy high 
; beeauaiie of bairier 255. In particular,, a voltage Vt must be applied to sttucture 200 

stiffidM to HiaaA d^dns to tnimd thiNyogh barrier 255 (when barrier 255 coixqmses an 
' k«flai^^ hjit) 'Ui htiiii^ dj^^ (elg; by Hiimf^aig 

ttBrtsb^oi^^^ 

In aibcordaniC6 With altetmie embodiments of the inv^mticu^ whare no msc^atii^ 
barrier layer is present, an initial "Svrite^ threshold voltage is relatively low bec^se no 
iniulative banier is fr>rmed betwieien, for eicample^ ion conductor 140 and either of the 
eJeclirodes 120, 130. 
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A sljitd of tibe de^vicie (e^g,, 1 or 0) may be read; i;vith(n]t ^gnificantly distmtnng the 
states hy, for example^ applying a fdnvard dt reverse bias of magnitude less tlian a voltage 
tliirt^Id (about 1.4 V for a stiuctui^ iilustiated in J^gure 3) for electiodeposxtibp or by 
Msmg a cuir^ limit >^lsch is less ths£n €» equal to the nujumum programmiiig cuireait (the 
ciidtait ivUch will ptb&XQ the highest of the on ledstance v^esX A cofreot limited (to 
abdtit 1 imlfiai&p) Usad ope^j^kn is shown in Figure 3. In this case^ the voltage is swqit 
fbmO to abomiVai^tte cliitem rises 11^ the siet Mmit (firom 0 to 0.2 V), indicating a 
low i^staiicef (ohtiiic/Iijfear cmtettt-voltage) "on^ state. Another \vay of pedbnmug a mm- 
distiiri) read o|>efation is' to api^ a piilse^ TVith a relativdy short dtxration, which taay have a 
volt%e higher thto the eledtiochemical d^}o^on threshold voltage sudi that no appreciable 
Farddfiic coirdbl flowa^ Le^ neally the ciibreDt goes topolaiizing/chai^^ the device and 
not into the electrodqioStton'proc^ 

Afrol^raiminablestn^^ j^cti^ib 200) ma^ suitably be ^ased by reyersi^ 
bias applied during a Write opcriationy Wharem a inagnitude of the applied bias is equal to or 
greater than the thre^ld voltage fc^ electrod^position in the reverse direction. In 
accordaiice with an exismplairy embodiment of the invention, a hjffident erase voltage 
(VSiVt) is apphed to structure 200 for a period of time yMch dq>ends on the strength of the 
iiutial comiectidtt but is typically less than about 1 nullisecond to return stiticture 200 to its 
"dfiT state havitig a resistance well in earceiss of a million ohms. In cases where the 
Ititograttkmable sttriictnre ddes not tndode a bairief between ci»iductor 140 and electrode 120, 
a threshold voltage for Makg the ^etitfe is nmdi lower than a threshold voltage fcM- 
Sw^ritifi^ ijiUike the^wite opibcatio^ tibe dra^ o^Moi does iiot require 

dec&e^tiai&db 

CO>irrROL of OFBRAtlONAiL PARAM^TfiKS 

iht coiicen&fllic^ of conductive material in the ion coiKhictor can be controlled by 
appljrimg a bias across the programmable device. For example; metal such as silver may be 
taken out of sohitioii by qiplying a negative voltage in excess of the reduttion potential of 
the conductive material. Conversely, conductive material may be added to the ion conductor 
(from one of the electrodes) by applying a bias in excess of the oxidation potential of the 
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fbr a pstitibblar d^ce ^licitioi]^ the coliceniirdtiQn &ai be reduced by reVcrte biasing the 
device to reduce the cdxic^ttr^Cm of the cooductive material Similaxly^ metal may be 
■abided to the sofution fibm the oxidizable dediode by applying a sufBciaat forward bias. 
AdditiojoaUy^ it is possible to rcoiove excess metal biold tfp at the indifferent eJectrode by 
ap^pljfing a rSvetse.bias for an exleoded time (ur an extetided bias ovear that required to erase 
the deviee istk&Ssd operating condOttioos. Goodtiol of the coiidoctive 'matenal may be 
&cc^rai$lisbd mnosbaticaliy usi^ a soitabfe miaopiocessor. 

fhis.techiuqoe may.dsO be xx$ed to fonn one t>f the dectibdcs fiam material Withm 
tte ion tondtfctcg maifffed. Fg^ e;Jicample^ aWtr fNSim ^ 

form the oxidiable electrode. This aflows the otidizablo eiectrode to b^ formed after the 
device is fully formed and thus mitigates problems assckaat^ with conductive material 
diffusing from the oxidii^le electrode during manufacturing of the device^ 

As noted above^ in accordance ^vith yet another embodiment of the invention, 
nmltiple bits of ddta may be aitofied 'withm a single i^rogrammable stirttictiire by controlling an 
^moont of elkctrodepOal ivfatdi is foilned during a write process. An amount of 
.eIectrodqx>sit tl^ fontis (hiring a i»rite process dtpeiids on a number of coulombs or charge 
su|>i>lied to the structure during the write process; and may be controlled by using a cutrent 
limit power source, m this case; a resistance of a {^togrammable structure is governed by 
Equation 1, whe^e R« is the "on'' state resistance; Vt is the threshold voltage for 
electrod^sitioii ., and Juhi the maximum current allowed to flow daring the write 
opetatibn. 

. Vt • 

luM 

Eqii^cm 1 

In practice; the limitation to the amount of information stored m each cell will 
>dep€aid on hio\V stable each of the resistance states is with lime. For cbmmple, if a structure is 
wiih a programmed resistance rimge of about 3.5 kH and a resistance drift over a q>eciiied 
thne for each state is aboltt ±250 £^ about 7 equally si2^ bands of re 
be formed, allowing 3 bits ofdata to be stored withLQ a sii^estructureL In the limit, for near 
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2Ja6 drift in resistance in a specified time fiflut^ infcniDaiton coold be sfoted as ai cootinmidi 

of sUtesy in analog form. 

A portion of an int^ratied circuit 402> including a programmable structure 400, 
. c^ilfiguirijd to prbvide additioi^ isolation from dlectionic coniponent^ is ilhistratcd* in Figure 

4. In acicdrdaintce vfith ah Gceni^laiy' embodiment of the preiiest iiiventio% stiucture 400 
•indiides electrodes 420 asid ^0, an ion cdikhictor 440^ a contact 460, and an aknoipbdos 

^oodi diode 470, such as a Scbottky or p-n joiictiob dk)d^ 

dbctrode 420. Rows atnd colomns of pit)granmKable stro^^ 

high density OHifiguraiion to provide e^ctresmely laige Storage densities suitable for memory 
drcuits. in general, thb knaximnm storage density of memory devices is limited by the size 
^ complexity of the cotunni aiid row decoder circuitry. However, a programmable 
^cture storage stock can be suitably fabricatied overlyiiig an integrated circait with the 
entire semiconductor chip area dedicated to row/cohunn decode^ soise amplifiers^ and data 
man a geih iait ciifcuitry (not ^wn) sinc6 structure 400 not use any substrate real estate. 
In this manniery storage densities ot manry gigabits per square centimeter can be attaiiied 
vii^ p^rbgrammable strnctiires of the present inventioa Utilized in this manner, the 
progriOiimable structure is essentially an additive tedmology that adds capability and 
functionaiity to existing semiconductor integrated circuit technology. 

Figure 5 schematically illustrates a portion of a memory device inchiding stiucture 
400 having an isolating p-n junction 470 at an intersection of a bit line 510 and a word line 
520 of a memory circoit. Figure 6 illustrates an ahemative isolation scheme employing a 
transistor 610 interposed between m electrode and a omtact of a progriaiomable structure 
' lOciBited at an ilitevseidtioin of a bit line 61 0 and a Word line 620 of a memory d evi ce. 

Figitfes 7-10 fito'stitite pro^Jimimable devices in accordance with another 
einbo^lbt of the iiiventiOiL The device iihistr^ in Rgmes 7-10 have an electrode (e.g., 
ikt cathode (tenng a write process) wttli a si^er cross sectional area iii cbiitact witli'tfae iott. 
cbnduct6r coiq>ared to the devices iUustrated in Figures 1-2 and 4. The smaller electrode 
inter&ce area is thought to increase the effidency and endurance of the device b^aiise an 
iitereased percentage of ions in the solid sohition aris able to take part in the electrDdqx>sit 
ibnrtation process. Thus any cathode plating from ions that do not participate in the 
decfrodeposit process is reduced. 

Kgures 7 and 8 illustrate a cross sectional and a top cut-away view of a 
progtaimnable device 700 induding an indifferent electrode 710, an oxidizable electrode 
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720, abd an i6n cd^ctor 730 former overlying an insulating layer 740 such as alicon 
otid^ siIiDDn nhridey 6^ the fike. 

StfUctiire 700 is fo^ed by d^>ositiiig aa indijOferenl eJectiode matenal layer, and an 
iiisiilad^g laya^ 7$0 oVoiying inSoJating layer 740. A via is then fonxied through layer 750 
aaitf el^dde ibteiiimal Ikyer 710, bsing an anitotiopic etdi process (e.g., reaodve ion ctdiing 
6^i6xl Mni^^ ii[idbi•t^ The via id 

tbien filled tnth ion donductdr m^erial and is snilably dc^ to forin a solid sdoticm as 
described hefeia Ajny.exc^ icm coiufDc^ materia! is reoiov^ 
750 iasd dectrode 730 is fcHimed. for eaomple oang a d^>osition and etch process. In tins 
cist, tl^ mdiff^ekit dectiode (casthode during ^vrite process) area in codtact tvith ion 
dbiiductDi 730 is thb ^iiriface &ita of electrode 710 about the periiteter of conductor 730, 
ritthgr than the area i^erlybg tltt ion 

MgOifes 9 and 10 illustx^te a programmable device 900 having an indifferent 
decode .910/ sol 6x1 eleetmde 920, to ion cdnductor 930 and insulating layers 94a 
^':.i^O'in aodbrddttce with yet knbther dsibpdiment of the iuveadion. Structure 900 is 
. . saoiH^ to struictfire 700, exce|i^ that ohce a via is formed through layer 750, an isotrofoc etch 
i>rocesk (e:g., chemibal or jdasiba) is employed to form the via through electrode 910, such 
IBar a slbjped iiitersection betipveeb an ion conductor 930 and electrode 910 is formed. 

Figures 11 and 12 ilhistrate another programmable device 1100, ivith a reduced 
electrt^ei^dn conducts intkface^ in accordance with the present iiiveiirion. Structure 1 1 00 
ii^d^s eletbodes 11 10 alid 1 120 and an ion conductor 1 130, fbnned on a surface of an 
in^iftiDg itiatdfial ]]40, r^ithef than ivithm a via as disbossed above. In this cas^ the 
jff'ograiniiQiable structure is fimned by defining ato ion conductor 1 130 patter on a satfaiot of 
. .inlMlatijD^ ibittedal 1140 (e:g., usboig d^sition and etch techniques) dnd fortimig electrodes 
:in6^d l l2t),.^S^ eadi <»ntacjt a portion df the toil cdiductbr. In the 

•;cal^ t>f the ilhmi^te^ dtdfiddes are foiined ov^fying at^ in intact vwih 

b61h a pdrtidii of the idii dbnductdr and the nisulating m^erial. Although the thickness of 
the layers may be'vlairied in acc6rd8nte Tvith specific applications of ti» device, in a j^cferred 
elmbodimesiit of the inV^oii, the thickness of the ion conductor and electrode filma is about 
1 ion to about 100 nm. Sub-lithbgrapluc lateral tensions of portions of the device may be 
.obtained by overesiposing photore^ used to pattern the portions and/or over etdung the 
filiii layer. 
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Pigure 13 iUusirsitas a device 1300 m ae(6oTdance whh yet andthet etnbodSbent of the 
iixvi^itibn. Sthicturtr 1306 is siimlat to the devices ithlistrated in Figure 7 and egtcept that 
the cro^sectic^jial area of ihe i6n conductor that is in contact with the dectrodes is redluced 
hy fillfi^ a ddition of a yik ^ivith nomoA coixhictcfir ijoaterial^ rather than etching thnnigb an 
. electtc^elaytk. 

. : : Stitiictiji^ iir0a]id i^26andahioncb^diid^^ 

M msoiiiSa^ faP^r 1340. In Ads casie^ j6n tondoctor 1330 is formed by creatitig a 

' tiiiocb ivitiun .ii^ Idy'tt ]340» the treiidh hdving a dianietcx indic&ted by D2. The 

. tfeiich is then filled tis^g, to€:&aahplt, intof^rence fithog^rqshy techiuqnes or oojifoimaUy 
liiung the via tvith ihsii fe ting znaterial and using an anisotropic etch process to reuKKve soiiie 
of U)e in^atibg mdierial, leaving a via with a diamettir of D3. Structure 13(X) fontied using 
this .f^chniqjtoe niajr have a ion conductor cross sectional area as small as abo^ut IQnm in 
contact with electrodes 1310 auA 1320. 

Kgiliies 14^17 illiistnite' aDiOther entfiodiinent of the invendoioi, where the cross 
sectional ai^ 6f the I6ik cojOEduCtox/ekctrOde intedace is relatively small Stroctlire 1400, 
ilhii^tcsd M tiff^ 14, incfoded electrodes 1410 1420 and ah ion conductor 1430. 

/]§tfuetiiF6 1400 is fQtxded in manner similar to Stnicture 700, excq>t that the ion conductor 
inaltetial is dispbsited coiifOrXbally, usiAg, for exWpie ehemical vapor deposition Or physical 
vapor di^()€^pn, into si treilch; and the trench is not fiUed with the Ion conductor maftyial 

Stnictiire 15(^ is similar to stroctdre 14iD0, except that an ion conductor 1530 is 
formed by etchiiig a pioitiQn of ion conductcur 1430, such that a via 1540 is formed through to 
i^ectrode 1416. ^ruetuit» 1600 is similar to structure 1500 and is formed by conformally 
d<^po5itis^ the jon coikhictar jmaterial as descdbed above and then removing the ion 

: a^dtittor iflaUkial frtiifi si sorfacie of insUlatitiig matedal 1450 priof to diepbating eJectiode 
14^0 inatenld:^ llho my be foilned by selectively dcposmg the ion 

^G^aibt ii^b in^liiiai iilto diofy a fkxrtioii df the trehch fonned m hisiilatii]^ iiiatcnal 1450 
(^.gi^ usii^ asi^ed dq>6sitibn ahd/Or Shadowing techmques), removing any exc^ ioH 
conductbr mdteii^ oti the sudfate of insulator 1450, aind forming aDi electrode 1720 
ovtrlyibg tbb insudatdr and in bcmtact tvith ion conductor 17^0. 

Figures 18 a^ 19 illustrate yet another embodiment of the invention, whcare a pillar 
Gtr wail within a triedch is used to reduce a cross-sectional area of the interface between the 
ion cbnductor aod<me6r more electrode! Structure 1800, ilhistrated in Figure 18, includes 
electrodcis 1810 and 1820 and an ion conductor 1830 formed within an insulating layer 1840. 
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.& fidcfitibii, sthictiite ISOO it^tud^ a pOlitr 1850 of inisulatiDg liiauna) (ag., in^^Jsig 
materia) used to forai 1 S40X foimed ivhhin a trench -within laytr 1840. Stroctore 1 800 
' inay be foiiti^ nang thci shadoTved dq>oshion technique discussed above. Structure 1 900 is 
^^ttiii^ to sliucti^e IBbO, 'dcqpi stxncmt 1900 inchides a partiaJ pil)^ 1950 and an ion 
€^hdfottbr]$36»wfaidii^*t^ 

^ : i'igiir^ 26'ilhi8thite3 yc^ another structure 2000 in acoordstnce ivitb the jpresexit 
biVkitiOa Stiticture.2000 iociuded electrodes 2010 and 2020 and an ion candoctor 2030 
formed ^^thin ati itiSblatuig layer 2040. Stnictnre 2000 is foraied usii^ ah anisotiopc or a 
combitt&tioh 6f an ani^t^ Ion 
io ;tbji^ct6r 20^0 isi^ foifiaied tntUd the treal^h nsiog teclioiqu^ previously described. 

l^gures 21-24 iUustnii6 pfogi^&mable devices in accordance with yet another 
bmbodtmeM: of the iiivigiktiotL Thd stroctiiries ilhistrated in I^gures 2]>24 inchide a floating 
electrode, Which allbwd Jtmhiple bits of inibimation to be stored tvxthin a single 
progr&d3inable device^ 

15 Stmeioire 2io6 indudes a 6xk dectrode 2110, a second^ floatitiig electrode 2120, a 

^ird eledrdde 2130, icui c6nduetor portions 2140 and 2150, yiHadb may all be formed on a 
Substrate or ttrhdlly or p^a^^^ Ahhougb structure 

2100 is ilhlstrMed .in a vehic^ configui^ the structure may be formed in a bonzontal 
eoiifigoratibn, ^inilar to structure 1 lOD. In acixi^rdabce with one a^ect df this embodiment^ 

iO the first attd third ifeJectrodcSs ate forftifed of ai indifferent electrode and the second dectrode 
is formed of an oxidizablfe dectrode matedal Ahernatively, the iirst and third electodes 
ni^y be feroiied of c^di^^bid eleicli%>de itiatdn8l and the second, Abating decttode may be 
fomiied of luiiild^ In either cas^ the structure inchides two lialf 

\ed)dy'* wh^ ^ch bdf .cen jfunc^oiis ds a piogranuDiable device described above in 
: ^co^^ i; Eftch 1^ IS prfcferably configdred sudi that the itsistance 6f 

V. ; ; : f^^^ fip^aiil^tisisMdt oftfai) other half cdl When both cells sire in ah erased 

lb the TiHheb fldatiiig dectr^ lis formed of o^dizable electrode material, 
. Uds 6f data may be srtoTed aft follows, the overall imped^jObe of strbcture 2100 is 
^0 4»tlrotimatelyeq[ttiytothe rtsi5t2U^ When no dectrodept>5it ^ 

foimed within eithier portioii, this high resistance state may be rq;xresent by the state 00. 
When a vohage is applied to structure 2100. such that decuode 2130 is positive relative to 
dectrode 2110 and the a|)plied bias is greyer that the threshold voltage required to form an 
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tlectrodqpbsH in portion ll40, an cicctrodepbal 2160 trill form tltfc«igh dtmduclor portkia 
2140 frbiH deetrode 21 10 totvkrd iloatitig electrode 2120 as illustrated in Figure 2Z Under 
thi^ toixiditioh, an dectrodeposit 'will n6t fonn triihin conductor portioi) 21 50 because portion 
2150 is lidider a rehearse biiss condittoki and tlnis will iaoi support growth of an e]»:trodeposit 
The grc>1vtli of tiie decttodeposit will' change tlie impedance of portion 2140 from Zi to Z}% 
ihis d&Qging tte bvmll iinpedance of structore 21 00^ which miiy be represent, by thb state 
61. the ciilT^ tevd used to fonn dectrodeix>rit 2160 sh6dtd be sdected such thai it is 
iOffidattly low» allowmg the dectiodepont to be di^lVed upon application of a sofiBdenl 
revetsebias. ;Atfaiifdiitat6iniEybe.fQtindby revers^ 

^ec^bdes 2il0.ami il3t), siich that niost of the voltage drop occitfs dcioss the high 
rdstst^jbcfe iold co^ctor portion 2150 and fortnalion of an dectrodeposit 2175 begins^ as 
iUn^i^ited m Pignre^/Trfthoot ciaimng dectrddc^Kxsit 2160 to dSsioNe. The impedance of 
portion 2150 dianges from Zj to Zj', and the overall impedaiice of structure 2100 is Zi phjs 
which niay b6 ri^Kres^Xfted by the state IL Once both half cells are in the write state^ 
electlrodeposit 21 6D and/M- 21*70 inay be dissolved by applying a slifQdent bias across one or 
both df the half cdk BfecCrodepbsIt 2170 can be erased, for e3can4>lev by sufBdeoUy 
jS^dtivdy Wa^ debtrode 2130 with itsped to dedrode 2110, i^^iich may be repiesfdited 
by a state 00. The foiir posdble states^ aiong with the c^ent liinit used to form the states are 
t^s^tsmtA in table 1 bdolir. 
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Strucbre 2100 can be dmng'ed to 1 1 from state 10 by ^plying a low current fimit 
. 25 bias to grow dectrodqx>sit 2150 in portion 2140. Similarly, structure 2100 be changed 
from State 11 t6 state 01 by dissolving dectrodq)osit 2170 by applying a rdativdy high 
current limit bias soch that iijppcr dectrode 2130 is positive with respect to lower dectrode 
. 2110. Finally, structure 2100 can be retomed to state 00 using a short current pube to 
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: . J^^ £sskAif€i dkisoie^oA 2160, i&snig a anrait M^iicb is Ugh dk^gh to cadse 
Ibcafized liecrtiDg of tHe electirodepo^ This vnSl increase the littial coacaitrsttioji in the 
half-cell hut this esteem inetal tan be reinoved electrically from the cell by pla^ it back 
ikitothb floatiQgelectibde. Iluss^quiebceisiimuxiarizediiita^^ 
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Other l*rite aiil erase sequeWes ar6 alsb possible (as are bth^ definitions of the 
10 vjuTbiis states rqftfeseiftfti by the half-cell impedaiices). For example^ it is po^T>le to go 
from state 00 t6 dihcir. stbte 01 or state 10, depending on the Tviite- polarity cho^ 
Simflariy.iiis posnhfeto gD fricimstaten toca^ It is also possible to 

go iGr^ state 1 1 to s^te 00 by the application Of a cmteot pulse (in ^er direction) ivhidi is 
high aiid short t^oH^k to theramlly dissolve the electrddqibsits in both half-cells 
tS sittttltaneou^. 

In additibn to storing information in digital form, sthicture 2100 can also be used as a 
noise-tblerant, to^ oii^rgy anti-iuse element fen- nse in field programmable gate arrays 
(FWiAs) and field oonfigu^ble circuiis and systems. Most pli^cal anti-fi)se technologies 
jne^iirelai:^^^^ tte need fisr^udi high 

^0 etefg^ di^^tigiig iStaidtiii h gebet^ tdieicK^ to be sC^ticwl^ b^ as tiuik 

^tdations. However, the use of high vdtages aind large ctttraits on dhip rcfiresent a 
sig^cant probleiln as all coiiiponents in the prograinining circuits are ^icaOy sized 
ajbcorcfingiy and thei high energy consuiiiptidn reduces battery life in portable system. 
25 Figures 25^29 illustrate structures in accordance with another onbodiment of the 

invention in Which multiple programmable devices indnde a common dectrode (cwg., the 
devices ^lare a commbn anode 6f cathode. Forming stiuctares in which nadtiple structures 
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shaje a cdinmoh decbikfeis advanlageods becasise sdch stmctures aHow a density 

* ceils to be fonxied cm a givea' substrate suiiace area. 

- Figivcs 25 ^ 26 illustraie a sfructure 2500, having a horizontal tonfiguration and a 
conoton dectnbde. Stiljct£iri& 2500 inchkles an ctettrical cobnectw 2510 coupled to a 
conma>A soiiate dectJndde 2520, dectrod^ 2530 and 2540, and ion comhictor portiona 2550 

. atid256d (yvc^iyi]^^^^ .Stimct6ire250D]^ 
Kit lines as described above by fonniiig a row of decfarodes (dg., Anodes) cbuided to 
edifibdor 2510, add coiiinins of c^ppiDsitely bias dectrddes! (e:g., (^attodes) rannii^ 
pcsfpendiculir to dectrodes 2520. A c6iiductrv)e phg, foimed of any saitably omductuig 
inaterial be used to dedricaDy couple dect^ode 2520 to conductor 2510. AHhough 
illustrated with a hcfrizoiital configuration, coincbon dectn>d6 stnictuifes in dccordaince tvith 
this embodiinent may be foiimed iising stitictur^ having a vertical configuration as described 
herdn. 

Figures 27 ajod 28 illnstfjatfe additional stkuctOres TJbO add 2800 having a conunon 
d^odediarcidbeh^ two or xsA>re devices Strodures 2700 aid 28(H) indude a eoninbn 
dectitKl^ dectit>des 2726 and 2725, ion condoctoffs 2730,2735 and 2830, 2835 ie29)ectivdy, 
and insulating layers 2740 ^ 2750. Structures 2700 and 2800 may be fohnol using 
techniques describwl above in connection with Figures 15 and 16— e.g., by CMfonnaDy 
depositing ion cbliductor niateHal within a tremch of an in^llfti^g layerL lii accordauce with 
i^Other enibpdinient of the invention, directional dejiosition may be used to fonn a structure 
ainilar to strufctore 1700. Structures 2700 and 2800 each include two programmable devices 
indttding cQimnbn dmrode 2710 an ion coiuhictbr (feg., conductor 2735) and another 
dectrode (&g., dectrode 2725). Dtdectiic materid 2750 is an insulatiQg m^al that does 
: BK>t istedbe with siir&ce electibdq>oA growth, sodi ^ dUcon oxides, Mlicon nitrides^ and 

]^ig^ 2{^ iU^^stiatgs a sbii 
2916 formed about a comn^on dectrode 2920. Each of the devices 2902-2916 may b6 
febsed Using the method dcs^^ Iii the embodiment 

ilhistrated in ftgure 29, of efettrodes 29^0-2936 and 2938-2944 may be coupled 
tdgdher in a direction pieq>ettdicular to the direction of conunbn dectnkle 2920, sndi that 
dectrode 2920 fixrms a bit line and electrodes 2930-2936 and dectrodes 2938-2944 fonn 
wordlines. StfXK:h]re 2900 may opmte ami be prograinmed in a inai^ 
2100 described abovei 
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ej&tictdre 6t device stcdnes niKitihatida tyjr stcaaog a cbairge as oppo^ t5' grdnvii:^ 
electtodep6sit. A cs^i^adtance of a stiucture or device is aheared by sippIyiDg.a bias acn^ 
.eJectft>d^ of the device sUch that pbaAvdy chdited k>ii5 inigrat6 toward on6 of the 
. 5 electtodes. If the' applied bias is 1^ that a ivrite tfaresbold vbiiage^ lio short vnH torn 
between tkb ieieditxfeis: Capacitance of the sttuctdre changes as a re^h of the Son imgratioa 
XVhsEl the applied Kiks is retibvedl, the nletal ions lend to ifilfttse away firbm the electrode or 
a barrier pYctxifiiate the eKectin>d& ihwem, m iDtei6ce betweiegi^ an ion coiKlDctor and a 
bairi^ is geneially iinpedect and indudes defects ci^te of tifappang ions, tim^ at leasi a 

. If a writb ypJt&gfe is j%!Veti^ed|^ the icais di^y siiifably be di^^ away froin the intear&ce. 

A ptognaxmiihl^ structure in aecordance with the present invention may be nsed in 
many a^plic^ons which would otherwise utilize tra(fiti(Hial technologies such as EBPROM, 
PLASH or DRAM, AdvdxAsigbs provided by the pregtetit invention over present memory 
15 . tecfam'ques inchide, iambng other tfaihgs> Ibwer proddction cost and the ability to use flexible 
fabricadcai tedadqiies whidi tire easily ad^iiable to a variety of appfic^tions. The 
pirojgrainmBble st^^ 

tvhere cost is the j^fitekai^ cond^ siScb as smart cahls taid electronic invemory tags. Also/ 
an ability to fotin the memoty directly a plastic card is a major advantage in these 
20 ^j^cations as tins is generally not pos^le with other forms of semioHiductor memories. 

Fuithery hn accordance with the programmable structures of the present invention, 
memory elements may bo scaled to less than a fevir square nucrons in size, the active portion 
of the device bcSt^ less than on micrtjtn. This provides a significant advantage ovcar 
tr^fdid(»i[al semicbijihiaor tecfai^ 

AddkiOnany, ftib defvit;e3 of thb prescaii ioVeiitioliTequirB rdatrVely low enogy aiid 
do ncH retpure 'Meshing.'' Tfans^ the devices are well suitable for portable device 
applicatioils: 

Ahitough the preseaixt invention is set forth heron in the conteoct of the appended 
30 drawing Ogiires, it sboiild be appreciated that the inventirai is ik>t limited to the spedfic form 
sbowa For examj^le; wldle the prc^rammable structure is conTmeiatly described above in 
connection with prdg^aminable memory devices^ the invention is not so limited; the strucnve 
of the preseol invention may suitably be employed as prograinmable active or passive 
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device^ ^thm a niidroeledrbmc droiit I^Bfdienni^^ abhough oiijf stM^ ctHA dmcts are ' 
illustrated as ihchidiiig bu^er, barrier, or transistof coxDpoheists; any of these a^joopofieiits 
may be. added to tlie de^rices of the present Jnventioa Vatkm c^cx modifications, 
Vkiatioas^ viibi enhai^i&QieDtd in the design and airangiUn^ tif the mettod ai^ apparatus sfet 
foriii Jberetn^ m^y. be made .itfitlioul dt]>arting from the ^irit zxid scopt bf the presdn 
•iiiy^fiticma&ststfblt^ 
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CLAIMS 

. L. A miiibielecboluepTogr^^ 
i afrion'^cdbddctoirfcxnned ci an km conductive i&ateria] aiid cc»yiittiveiQB^ 

dn c^di2^Ie d^t^fode^j^^ 
dn iiokdifoent dectrode psi)^ 

2. The xeuciroelectronic prograxnniabJe structure of claim 1 ^ iifftkar dasopdmg a 
16 iniiOf^ layer betw^ the omdi^abledec^ 

3. Hie niic^Delectio&ic programmable structure of claiih 2, Whercm the baSer 
bytfcioiii^cis a material sdMed 

IvBene x ^ 2, AgjI, where y ^ 1, Culj, CuO, CdS, GuS^ Cuf GeQi, and SiOj. 

15 

4. Tte midroelectnHuc pi^grammable structure of dahn I, wheran the 
. indijffefm dedioKle ix»ix^ 

5. l%e lincrodkitoAic p]rDgraimnab)e structure of daim 1, wheiein the 
2t>' cjxidizable electrode cojdotpriires a matisnal selected from the group consisting of a transition 

metal sulfide and a transition metal selenide. 

6. The ffuarodectfonic programmable structure of claiib 5, wkxetn the 
:peddi2^l6 el^etnodefttithi^ 

1; i:^ :ii^t^^ctit>j(iic pibgrattimable structure of datin 5, whdtin the . 
OKitlEfable dec6)Me eokoj^^ 

t. The nuCToelettrontc programmable striicture of claim. 1, Ivh^ein the 
.30 GKidi^able electrode con^^rises Agl. 

9. imorodectronic programmable structure of daim 8^ tvhereJn the 

oxidizable dedrode comprises excess silver. 

28 
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10. The microdectn^c prognunxnable stndicture of claiin .1, Whclrein the ion 
cbnducll)! CGmprises a solid solotion selected from the groop consisting of As^i^^Ag, 
G0iSci.rAg, GejSi fAg, AssS|.^Cu, G^Sei.r<}u; GekSi-r^Jo, wheare x ranges from rf)out 

5 0.]to&bcAit0.1 

11. The' tmcrodectzioiuc programmable structure of daim 10, vherdn the ion 

coSiitfiititbT c^Mlii^^ 

iO iX The micToelectrdiiic programmable Mructuriei of claiiiQ 1 1^ \vherein the filler 

inaterial coitspii^ a dielectric and is present in the ion conducted at a Volume percent of up 
to abc^ 50 percent 

13. The mcrbelectronic jnt>grammabie stiuctare of claim 1 1, wrherem the filler 
15 . insderia] con^dses a dide^ 

to abcM 5 percent 

14. The xiiicroelectrdnic programi^^le structure of claim 1 1, *^hefeijn the filler 
Mte9rial.c6d]|knses silver. 

20 

15. The mic^oelec^onic programmable structure of claim 1, wherein the ion 
tasidiit^ ccoi^Hises a glass having a ctAnpoolticm of GeanSe^ to Gea35Sea.7s. 

16. Tbe licucrodectttndc ptogramtn^le strudurB of claim 15, ivhtirem the ion 

17. The inicrdelecttonic programinable structure of daim 1» fiirther conqpriang a 
tramistbr in coiifact ivith one of the midizable or the indifferent dectlfodes. 

. 30 is. The iniaoelectronic programmable structdre of daindt 1^ iurtfad* comprising a 

diode in c6ntaa with one of ^ ondfizabl e or the mdifiTer^nt electrodes. 
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19. the imcroelectrbdc {MrograiDiila6le strocture clam 1, t^hearein the ion* 
cQjactodtor is foitbfid withiti a via in mi in yayiflitng m a tiarial layer, 

20. Hie micrbelectromc programmable structure of claixD 19, fiirther conq^siDg 
a dSode fanned "(rithin the via. 

21. The jtmaodectrbmc pfograimhable stroctore df claim 19, wherem the hm 
cobduictor dbntacts the iDdifferaxt electrode about a pcfftion of the perimeter of the ion 
cc^Dductor. 

22. The microelectronic programmable striictoe of claim 21, wh^em the ion 
cotiductOT contacts the indiiftifeiit ekdrode about a sloped portion df the perimeta- of the icm 
conductor. 

23. The microeJettrohic programmable structure of daim 1, whmn the. 
iiidifirdreot idectiod^ th6 oxidizible elecGrod^ aiid the ion Conductor are foixned on a surface 
6f sitk iiisu]atii% materia layer. 

24. The microelectronic programmable structure of claim 1, ivberein the ion 
coi^duictor is formed \vithin a via of a first insulating material layer, and wherein the 
prolg^mmable structure iiirther comprises a second insulating matedal fonned ^within the 
via. 

25. Th6 imtroeJe^^nic programmabb aftructuro 6t iMm i, t^herein the ion 
t^jhi^f^.]^ jTofm^ aloiig a stdewall.bf a via foaosed vrithin an iiitalatii^ layer. 

26. the inicroelectromc prograimnable stntcture of dam 1, ivherem the ioai 
coakhictOr is fc^td Avithin a alc^>ed Via ^within an insulating material layer. 

27. the mcrodectromcikogrammable structnre of daim I, further comprising a 
banitf kyer belween the indiffereot dectrode and the 
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2S. the midfoejecfroiuc programmable ^ctilre 6f daim 27, ^vfaerem the barrid* 

'liiytac e&iD|inse^ a cocdoctive nmtexial. 

29. the BucToelectroBic prograxmnable structure of daim 27, whoem the barrier 
5 la^cM^prisesaiiii^ 

30. The ndtroelectromc programinable structure of daim i^'^herdn surface area 
of &e iadifiierent dcsdirode in contact Tvith the ion conductor is leto thto the surface area of 
the cixidiiKablc> elfectrtide in coiitacl ^with the ion cOnoductor. 

10 

31. The microdectroiiic pjogrammable structure of daim 1, -wherdn an inter&te 
b^feen the iDdilTearent di^ctrode and the ion conductor is roughened. 

32. A muhi-cei] progranunable inioroelec^ 
15 a first electrode ofa first type; 

a sigmoid d^ode of a second type; 

a fiffst ion conductive macerid of a first reastanee inteiq)6sed between the first 
d^ode aiid the second electrode; 

a third dectrode of a first type; wad 

a second ion conductive material of a second resistance interposed betwecaa 
the Second dectrode and the third electrode. 
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.33. llientuhi-cellprogranunableiniCTode^ 
ins^^d thiitl.dec^^ 

34: The iduhHcdl programmable miarodedtrdnic devite 6f claim 3i, ivheretn the 
first abd tlmd electrodes compiise an oxidizable electrode tra^^mat am) t]ie second dectrode 
ctfinprises ajB indifferent declrode material. 

30 

35. A jnttM'^:elIji!rogramknab]einicrodectr0nic device conq>ris^ 
a phirality of electrodes of a first ^e; 
a plurality of electrodes of a second type; and 
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a phxrafity of ion conductor stri^^ 
ion coiiductor stittctixres is interposed between ose 6f the plurality of electrodes of a first 
. tjrpe and one of the phirality of electrodes of a second type^ and 

wheiein a phtfaiity of eJectrodes of a first type are dectrically coiqiled 

tD^fCiiifisr. 

36. Ilie idnaJtKCdl ^gi^mitiable inicrdelectrmuc device of ddim 35, nvfaerein the 
fihzrdity of electrodes 6f a first type coinpiise ooddizable electrode materiaL 

37: theiiiuhi-ceUpro£;rainniablejmicroetectrod^ 
phirality of etet^todes Of a fir$t.ty|)e coinpiise iixfifiereiit electrode matedal. 

38. The iiRilti-ceii programmable micrbelectrOiuc device of claim 35, ivherein at 
lesst a portictti of the phirality of ion conidiictor strucbires are foirmed i?vithin a via within an 
in^atxng miatedal layer. 

39. The nttiiti-^ progrditunable microdectronic device of claim 35, tvhcrem at 
least a pc^on of the plurality of ion conductor structures are fon&ed on a surface of an 
insulatibg inafedal layer. 

40. A niethod Of fixdning a programmable microelectronic structure the method 
cotnj^rising the ^q)8 o£ 

jHtmdmg a sobstrat^ 

forihiiig' a j&yer of dtetrOde matedal of a first t^e 

ibiiDiiig dli inAd^ipg htycar .ovetly&ig the layor of dee^e material of a first 




forjiimi^ a'via thhxigh the in^atioig layer aiid the lay^r of dediode material 

Ofafifi^ty];ii^; 

f!^p>oiating ion conductor material into the yix; and 

forming an dectrode of a second ^pe overlying the iosi conductor materiaL 

41. the method of daim 40, vvherein the st^ of forming a'via includes 
isotroptcally etching the inisulating layer. 
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* 42. Tfie itetliod claim 40, iKriiereui the step of fon&iog a m inchides 
abisolropic^ etdiiiig the iflsul^glayer. 

43. the method of daim 40, TVheran the step of forming a via indudes 
i^tiopJcally etdiing tfie layer of electrode material of a first type; 

- .44. tte 0ietlK)d of claim 40, whereia the step of fon^iiag a via inchides 
, AtuisotropidBLUyetc^ 

45. the itic^od of daim 40, jRmher comprising the step of applying a bias across 
the eli^drode material Of the first type and the electrode material of the seccak! type to 
. Bia^palate a ^liceinlfalion of conductive material in the ion condodor. 

.15 46. The iD^ckl of claim 40, further co^^xrising the st^ of 

ihe.el^ode itiateibl of the first type and the d^etrode material of the second type to 
ifii&^^mlktermi fiU)6Qht ofcoi^ dectitxie material of the 

. £b'2ittn>eandthedettrOdejb^^ 

20 47. The method of claim 40, iwhereih the step of depositing ion conductor 

mat^nal comprises depositing germanium onto a surface and reacting the gennanium with 
IfeSe. 

. 4S: The n&dhod of daim 40, ivheietA the aep df dqpofiAiDg Jon conductor 

:)i!5 ; ; ^ AtaC&»ltaDab^^ 

49. the inedibd of daim 40, "whereih the step of depOating ion M>nductQr 
rniiterial c^wpsises det>ositing germahrum onto a Surface and reacting the gennanram vvith 

•V ' .... 

50. The. method of daim 40, iVherein the step of depositing ion conductor 
mat^ridl comprises dq)odtiQg arsenic onto a surface tioA reacting the arsenic with H2S. 
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5K a M^^hod cf Msmg a pi/ogran&nable mkaroeledtrolDic defvice^ Ihe method 

fbaftiitmg aj^ loll am 

dqki^ituig an eliictiode nuiterial layer ovedying the ion condoctbi stnicture; 

y V p^dnimg the electrode matenal Jayer to fonn electrodes in contact with the 

^itfAcoxKbttdt'^ttifteL 

,1 . ' \. . 52J . * The inethod Of chim 51, whesrem the step of fbnmng an ion conductor 
10 i$bii<itne c^ad^^ mxto a soiface and reacting the gennamom with 

53. A ineth6d of ibntting an eleictrboic devic^ the ibethod conq|^smg the steps 

of. 

.15 . ifbrtiuhgafirstdectrodeonas^ 

d&pdffltiii^ a first inailatiog lay er over a isar&ce of a the first electrode; 
ibifioiiig k Via in the lust ifi^ 

depOsititSg a ^tamd insolatii^ matetial vnthin a pbktion of the via; 
de{K>sttiiig i6n conductor material trithm a jportioo of the via; and 
20 fo£mibg a seoimd electrod6 overlying the ion condoctor. 

54. li^ ihibtlkod of foitning an eleictionic device of claim 53, ivherein the step of 
d^)iositsi^ idh'ct»[)dinetor ni^ierial conq>n5eB the step of deposing the ioji conductor material 

- . . 11^ '4^ihbd d^^fo^uiiig an d^ctit^ deitise 6f daini 53, tvhemn this step of 

di^^O^ifi^ijS^^ 

. 56. The nl^od of forining an electronic device of claim 53, wherdn the step of 
30 d^ositihg an bh ccRbduttor material comprises forimng a confomial layer dif ion conductor 
in&teriaL 
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S7. , T1>e i)ii^tli6d of foiming an dectidnic device of daim Si, imtbEx 
'tKe' step of ttinidvmg a piGltifj& of the ion oondnctor materia) from a ^^ace of the first 
rinSolatmgm 

Si, A method of forming a muhi-cdU programmable device, the method 
diiiS^ttisitf ... 

fbrnnsg a &st ^ecttode od a Smiace o^^ 
• foiling a fii^ icm ccmductor poitton ovedyi^ 
fonfiiBg a sec^ eieetn>de crved^^ 
. fo^ibing a sctotid iod to^dactor pcs^ 
fdijmtkjg a ihird electit>de 

59. A method of forming a glass conopontion^ the method comprising the steps 

dt 

sdlectiiiig dki ampoule; 

dcSiinifg the aSnpcKiie uiang hydtofboric ad^ 
drying the aiiqpoiile for aboin 24 to a^ 
eVaoiating the an4>60le; 
he^tmg^the atm|>6iile uzitfl 
filling the sonpoule with a diarge; 

heating the ampoule to a t€oq>erati]re below the melting tempcaratuxe of the 
g^eoED^dtDfeiit^ 

damping the teihpef a t u ie at a rate of about 0.5 dc^ees per minute to a 
. tati|j^ralure aiknit 50 higher than the fi^dus tetnpcratktfe of the glas^ and 

'sichv loddttg^ the giass cbii^pi^On at a rdte blT ahotit 26 per jdoiniite for a 

iiit^siC-hwisj - " 
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